Zinc dialkyldithiophosphates (ZnDTPs) are known to be anti-oxydant and antiwear additives under boundary lubrication conditions and are thus extensively used for car engine lubrication. It was demonstrated that their anti-wear action is associated with the formation of a protective tribofilm on the rubbing surfaces. In this study, mechanical properties of a ZnDTP tribofilm were measured by nanoindentation at various temperature ranging from room temperature to 80°C. From these first tests, it was found that the hardness of the tribofilm measured at 80°C is half the hardness value measured at room temperature, while the Young's modulus remains constant in the tested temperature range.
INTRODUCTION
Zinc dialkyldithiophosphates have largely proved their efficiency as antiwear additives in car engine lubrication. It has been demonstrated that they act by forming protective films onto the rubbing surfaces under boundary lubrication conditions. Nevertheless, because of more and more severe regulations concerning phosphorus and sulfur emissions, their use has to be drastically reduced and less pollutent new antiwear additives have to be developed. Much research has been carried out on ZnDTPs in order to better understand how they work. They are described in recent review papers [1, 2] . Among them, many chemical investigations have been conducted concerning film chemistry and mechanisms of film formation [3, 4] but there are few mechanical characterizations of the formed tribofilms although they can contribute to a better understanding of their mechanism of action.
The efficiency of ZnDTP protective antiwear films can be related to their mechanical behavior inside the contact. Among the required properties for such films is the need to have good wear resistance (which is related to a sufficient high shear strength coupled with an adequate rate of film formation to ensure a continuous covering of the rubbing surfaces) and also to have a sufficiently low shear strength to ensure that the shearing occurs inside the film and not inside the metallic parts. Because of their patchy structure, it is extremely difficult to measure the mechanical properties of such tribofilms, inhomogeneous in thickness and structure.
Nanoindentation is an appropriate technique to measure near-surface mechanical properties of materials or mechanical properties of thin films. It has been already used to measure the hardness and Young's modulus of ZnDTP tribofilms [2, 5] . But until now, published results were obtained from nanoindentation tests at ambient temperature. In this study, the mechanical properties of a ZnDTP tribofilm have been measured by nanoindentation at various temperatures, from ambient temperature up to 80°C, which is closer to its working conditions in a car engine.
METHOD
The tribofilm was formed on a Cameron-Plint tribometer using a cylinder (6 mm long and 6 mm in diameter) sliding against a flat, both in AISI 52100 steel. The lubricant was a synthetic base oil (PAO) + 3% wt ZnDTP. The sliding distance was 7 mm long and the frequency was 7 Hz. During the friction test (total duration 1 hour), the applied normal load was progressively increased to 350N then maintained constant. The temperature was 80°C.
Observations of the tribofilm using atomic force and optical microscopy confirmed its patchy structure. It is composed of islands with a height varying between a few tens to a few hundreds of nanometers. The indented areas were selected 
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with the help of an optical imaging system coupled to the nanoindentation device. They consist in thick elongated islands of film about 10 µm long, which appeared with a deep blue color on the optical observations as shown in Fig. 1 .
Indentation tests were done at 24°C, 40°C, 60°C and 80°C with the use of a MTS Nano Indenter® XP system enclosed into a specific chamber which enables to measure Young's modulus (E) and hardness (H) between -50°C and 100°C. Tests were conducted in dynamic modes, with a small oscillation (amplitude 3 nm, frequency 32 Hz) added to a constant F/F F/F procedure, F/F F/F =3.10 -2 s -1 (F is the normal load). This allows us to get the mechanical information as a function of the indentation depth [6] . The maximum load for the indentation tests was 10 mN and the indents were observed after the tests to verify their location. 
RESULTS AND DISCUSSION
First results were obtained from the ratio F/S 2 (normal load divided by square stiffness) versus stiffness. This parameter is independent of geometrical considerations inherent to nanoindentation contact modelling. It was found that F/S 2 decreases when the temperature increases (Fig. 2) . is proportional to H/E 2 (hardness divided by square Young modulus) and S is proportional to E and to the indentation depth.
It was also observed for all temperatures, that F/S 2 decreases rapidly when the contact stiffness increases for small stiffness values (corresponding to small indentation depth) then tends to an asymptotic value at high stiffness value. To go further, as the ratio F/S 2 is proportional to H/E 2 , the hardness (H) and the Young's modulus value (E) were calculated using a method previously published [7] . Likewise, a simple analytical model was used to extract the Young's modulus of the tribofilm from the composite (tribofilm + substrate) stiffness measurement [7] . It was found that the calculated Young's modulus value is independent of the temperature. So the decrease of the ratio F/S 2 corresponds to a decrease of the hardness of the tribofilm.
It is also worth noting that, at all tested temperatures, both the hardness and the Young modulus increase as the contact pressure increase, which corresponds to an accommodation process to the severity of contact conditions [5] .
CONCLUSIONS
First measurements of the mechanical properties of an antiwear ZnDTP tribofilm were done at different temperatures. The Young modulus of the tribofilm is the same at room temperature and at 80°C (motor working temperature) but the hardness is significantly lower at 80°C (half the hardness value measured at ambiant temperature). Future work will be devoted to the physical meaning of this thermal effect.
